PATENT ABSTRACTS OF JAPAN 



(1 1)Publication number : 
(43)Date of publication of application 




(51)lnt.CI. 



H01L 21/027 
G03F 7/20 
H01J 37/305 



(21 Application number : 11-272429 
(22)Date of filing : 27.09.1999 



(71 Applicant : TOSHIBA CORP 
(72)lnventor : NAGANO OSAMU 

YAMAZAKI YUICHIRO 
MIYOSHI MOTOSUKE 



(54) CHARGED BEAM WRITING DEVICE, PATTERN WRITING METHOD AND 
STORAGE MEDIUM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a charge beam writing device, a pattern writing 
method and a memory medium which enables 
superior writing performance by reducing a color 
aberration and lessening the influence of a space 
charge effect by using charged beams of low 
acceleration. 

SOLUTION: A charged beam writing a system 
producing a charged beam 8 at low-a cc eleration 
voltage in which four-fold quadrupolelenses 23 
(Q1-Q4) of electrostatic type constitute an image- 
forming optical system and an electric field which 
is asymmetrical to the optical axis is formed, so 
that the charged beam 8 is reduced with 
approximately the same reduction rate in both X- 
axis and Y-axis directions, and also the 
quadrupole lenses 23 (Q1-Q4) are controlled so 
as to form an image on a wafer 29 via a different 
orbit respectively in the X-axis direction and Y- 
axis direction, without forming a cross-over of 
high contribution of current. As a result, the blurs 
caused by a space charge effect an be 

restrained. In addition, a color aberration can be reduced greatly by moving a charged 
beam 87 at high velocity only inside the quadrupole lenses Q2 and Q3. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the drawing equipment, the drawing method, and 
record medium using electric charge beams, such as ion and an electron beam, especially about the pattern drawing 
technology to the substrate used by the semiconductor manufacturing process of LSI and a VLSI. 
[0002] 

[Description of the Prior Art] Since electric charge beam drawing equipment can draw a pattern on a substrate with the 
resolution of the wavelength level of an electron (ion) shorter than light wave length, it has the advantage that the detailed 
pattern with which high resolution is demanded can be formed. There is a problem that the time which drawing takes is huge 
in order to carry out direct writing with an electric charge beam, after dividing a completion pattern into the pattern of a small 
field unlike this mask drawing method according to optical exposure on the other hand. However, since it has the feature 
which can form a highly precise detailed pattern, it is developed as a leading tool for semiconductor manufacture of limited 
production with a wide variety, such as the next technology of the lithography technology of an optical exposure method, or 
ASIC (Application Specific Integrated Circuit). 

[0003] There is a VSB (Valuable Shaped Beam) drawing method which carries out pattern drawing of the method of carrying 
out the scan of the whole wafer surface, and carrying out pattern formation while carrying out ON/OFF control of the small 
round-head beam as a method of forming a direct pattern with an electron beam, and the electron beam which passed stencil 
aperture. A VSB drawing method is developed further, a stencil is prepared for a repeat pattern as one block, and the 
technology of electron ray (electron beam) drawing of the package drawing method which carries out high-speed drawing of 
this by carrying out selection drawing is also developed. 

[0004] First, the electron beam exposure system of the VSB drawing method indicated by Japanese Patent Application No. 
6-290727 is explained as the first example of the conventional electron beam exposure system. Drawing 5 is the block 
diagram showing the outline of the electron optics system 80 of the electron beam exposure system of this example. In 
addition, in each following drawing, the same reference number is given to the same portion, and the explanation is omitted 
suitably. 

[0005] A beam diameter is adjusted by the lighting lens 15, the aperture angle to a projection optical system is determined, 
and by passing further the first shaping aperture 85 which has rectangular opening, the electron beam 7 generated and 
accelerated from the electron gun 1 is orthopedically operated so that it may have a rectangular cross-section configuration. 
Then, an electron beam 7 is irradiated by the second shaping aperture 89 which consists of a rhombus and a rectangle with the 
projection lens 87 and which extracts and has a hole. The beam irradiation position to the second shaping aperture 89 is 
controlled by the forming deflecting system 2 1 . 

[0006] Although reduction projection of the electron beam 7 which passed the second shaping aperture 89 is carried out with 
a reducing glass 24 and an objective lens 25, the irradiation position of the electron beam 7 over the drawing position of a 
wafer 29 is controlled by the main deflecting system 93 and the subdeflecting system 95. An electron beam 7 is controlled and 
is made to irradiate the main deflecting system 93 within the stripe which is the field which divided the drawing field on a 
wafer 29 into band-like. The subdeflecting system 95 performs position control of an electron beam 7 to the subfield which is 
the small field which divided the inside of a stripe still more finely. In addition, it is carried out, referring to the position of the 
X-Y stage (not shown) which supports a wafer 29 on the upper surface in control of these current beam positions. 
[0007] When it has the .electronic detector 27 which detects the secondary electron, reflection electron, and back scattering 
electron (henceforth a secondary electron etc.) which are generated when an electron beam 7 is irradiated on a wafer 29 and it 
processes signals, such as a detected secondary electron, a SEM picture is acquired between an objective lens 25 and a wafer 
29, and the alignment of a drawing position and an electron beam 7 is controlled between. 

[0008] In the electron optics system 80 of this example, control of the beam orbit of an electron beam 7 consists of an 
electromagnetic lens and electrostatic deflecting system. Therefore, in the composition of an electron optics system, you fully 
have to take into consideration the influence of the synthetic optical property of these lenses and deflecting system, a 
mechanical assembly precision, contamination, etc. 

[0009] Furthermore, in order that the electron beam exposure system of this example may raise beam resolution, it made high 
acceleration accelerate an electron beam 7, and the register SUTOHE ******** method on a wafer 29 is used for it. For this 
reason, in order for the irradiated electron beam 7 to reflect by various kinds of multilayered films formed in the resist inferior 
surface of tongue of a wafer side and to go to the resist upper part again, the light exposure of the field close to the pattern 
which is going to draw increases, and this causes dotage and resolution degradation in the following drawing pattern. It is the 
phenomenon in which this is called proximity effect. 
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[0010] in order to avoid the influence of this proximity effect in a Prior art -- every shot -- an exposure -- an amendment - 
light exposure was controlled by things For this reason, when an electron optics system and the large-scale system about all of 
a control section were needed and a system was complicated, there was a trouble that precision will fall as a result by 
induction of a trouble. 

[001 1] Furthermore, with the drawing equipment shown in drawing 5 , since the electron beam 7 of high acceleration is used, 
we are anxious also about the damage on the front face of a wafer. 

[0012] Then, in order to conquer the trouble of high acceleration voltage electric charge beam drawing equipment of a VSB 
system which was mentioned above, the electron-beam-lithography method of the cell aperture method using the electron 
beam of low acceleration voltage is proposed (Japanese Patent Application No. 10-363071, 

J.Vac.Sci.Technol.B14(6)1996.3802). The important section of the electron optics system of the electron beam exposure 
system proposed by drawing 6 by Japanese Patent Application No. 10-363071 is shown. 

[0013] The 1st shaping aperture 13 which has a rectangle or circular opening irradiates, the cross-section configuration turns 
into a configuration according to the configuration of opening of the 1st shaping aperture 13, and incidence of the electron 
beam 7 which outgoing radiation was carried out and was accelerated from the electron gun 1 is carried out to the lighting 
lens 15. The lighting lens 15 consisted of two electrostatic lenses (AINTSUERU lens), negative voltage was impressed to the 
central electrode, and it adjusted the beam diameter of an electron beam 7, and has determined the aperture angle of a 
projection optical system. Incidence of the electron beam 7 which passed the lighting lens 15 is carried out to the 2nd shaping 
aperture 19 which passes the 1st molding deflecting system 17 and by which two or more package exposure cell aperture was 
arranged. 

[0014] Since the beam diameter of an electron beam 7 is adjusted by the lighting lens 15, to the cell aperture of arbitrary 
pieces, it is fully large and serves as a size which does not interfere in an adjoining selva turn. The 1st fabrication deflecting 
system 17 carries out deviation control of the electron beam 7 to a target position so that target aperture can be chosen. 
[0015] As for the electron beam 7 which passes the 2nd shaping aperture 19 and has a cross-section configuration according 
to the cell aperture image, the beam orbit is ****(ed) by the 2nd fabrication deflecting system 21 on an optical axis. The 1st 
molding deflecting system 17 and the electron beam 7 which reached 2nd molding aperture 19 and passed the 2nd molding 
deflecting system 21 are started as a cell pattern beam on the basis of the 2nd molding aperture 19, and a reducing glass 24 is 
passed in the state where it was returned on the optical axis. Aperture 22 is installed in the upper part of a reducing glass 24, 
and the unnecessary beam scattered about when passing 2nd molding aperture 19 grade is cut. 

[0016] The electron beam 7 reduced by the reducing glass 24 passes pulley secondary deflecting system 93', and pulley main 
deflecting system 95', the subdeflecting system 93, the main deflecting system 95 and an objective lens 25, and reduction 
projection is carried out in the wafer side 29. Synthetic aberration is minimized by controlling by the main deflecting system 
95 and the subdeflecting system 93 the current beam position corresponding to the position which should draw a pattern, 
controlling the control voltage of pulley main deflecting system 95' to the main deflecting system 95 in the addition direction, 
and controlling the control voltage of pulley secondary deflecting system 93' in the subtraction direction. 
[0017] Referring to the position of an X-Y stage to the wafer 29 carried on the X-Y stage (not shown), the main deflecting 
system 95 carries out deviation control of the electron beam 7 so that incidence may be carried out to the drawing position in 
a stripe, and the subdeflecting system 93 controls the incidence position of an electron beam 7 to the drawing field in the 
subfield which divided the stripe finely. Moreover, the electronic detector 27 is arranged by the lower part of the main 
deflecting system 95, and the secondary electron generated when an electron beam 7 carries out incidence to a wafer is 
detected in it. The detection result is detected as a SEM picture which shows generating situations, such as secondary 
electron, by signal processing, and the alignment of a drawing position and an electron beam 7 is adjusted based on this 
picture. 
[0018] 

[Problem(s) to be Solved by the Invention] However, it sets to the conventional electron beam exposure system of low 
acceleration voltage. As shown in drawing 6 as an electron lens of an electron optics system, the symmetry-of-revolution type 
electrostatic-type lenses 24 and 25 are used. If the lens voltage which gives these to a bipolar electrode in slowed down type 
convergence mode, i.e., an AINTSUERU lens, is used in the mode made into the polar voltage which decelerates a beam, 
since an electron beam 7 will be slowed down within an electron lens, The beam dotage by chromatic aberration and the space 
charge effect (especially the Boersch effect) occurred, consequently the cell aperture image faded on the wafer 29, and there 
was a problem that a drawing property deteriorated. 

[0019] Moreover, in the conventional electron beam exposure system of low acceleration voltage, although reduction 
projection was realized by forming a crossover 99 about the electron beam 7 which passed aperture 22, when the crossover 99 
was formed, since electron density became high, the Coulomb interaction in this field became remarkable, and there was a 
trouble that dotage by the space charge effect (the Boersch effect) degraded a drawing property further. 
[0020] Furthermore, chromatic aberration increased by low acceleration of an electron beam, and there was also a trouble that 
a chromatic-aberration performance barred improvement in a drawing performance. 

[0021] Even if it is made in view of the above-mentioned situation and the electron beam of low acceleration voltage is used 
for the purpose, the influence of this invention of chromatic aberration and the space charge effect is small, and is to offer 
electric charge beam drawing equipment, the pattern drawing method, and a record medium excellent in the drawing 
performance. 
[0022] 

[Means for Solving the Problem] this invention aims at solution of the above-mentioned technical problem by the following 
meanses. 

[0023] Namely, an electric charge beam outgoing radiation means according to the 1st mode of this invention to make 
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generate an electric charge beam and to irradiate a substrate, Aperture angle drawing of the configuration corresponding to the 
desired drawing pattern which extracts and has a hole, the above-mentioned electric charge beam has the cross-section 
configuration of the above-mentioned request -- as - the above-mentioned electric charge beam -- electric field -- deviating -- 
drawing of a request of the above-mentioned aperture angle drawing -- with the 1st deflection means which carry out 
incidence to a hole The reduction projection means which is made to reduce the above-mentioned electric charge beam which 
passed the above-mentioned aperture angle drawing by electric field, and carries out image formation on the above-mentioned 
substrate, The 2nd deflection means which deflect the above-mentioned electric charge beam which passed the 
above-mentioned aperture angle drawing by electric field, and adjust the irradiation position on the above-mentioned 
substrate, While controlling the above-mentioned electric charge beam outgoing radiation means so that the above-mentioned 
electric charge beam occurs in the acceleration voltage which is less than the amount which the proximity effect which affects 
the light exposure of the drawing pattern with which the secondary electron and reflection electron which are generated from 
the front face of the above-mentioned substrate which received irradiation of the above-mentioned electric charge beam 
approach generates It reduces with the same reduction percentage, the above-mentioned electric charge beam ~ between the 
above-mentioned aperture angle drawing and the above-mentioned substrates - the direction of X, and the direction of Y -- 
abbreviation -- And the electric charge beam drawing equipment which equips the above-mentioned reduction projection 
means with the control means which make unsymmetrical electric field form in an optical axis so that an orbit which is 
different in the direction of X and the direction of Y may be passed and image formation may be carried out on the 
above-mentioned substrate is offered. 

[0024] According to the above-mentioned electric charge beam drawing equipment, since the orbit of an electric charge beam 
is controlled by electric field, it is not necessary to take the hysteresis by the electromagnetic lens into consideration like 
conventional electric charge beam drawing equipment. For this reason, high-speed and highly efficient control is attained. 
[0025] moreover - since the above-mentioned reduction projection means forms unsymmetrical electric field in an optical 
axis -- both convergence electric field and emission electric field -- although -- it acts perpendicularly to an electron beam For 
this reason, since a charged particle does not slow down within a reduction projection means unlike the case where a 
conventional symmetry-of-revolution type electrostatic lens is used, the space charge effect can be reduced and the 
above-mentioned reduction projection means can be operated with a low voltage value. Moreover, an impossible aberration 
amendment can be performed in a symmetry-of-revolution type electrostatic lens. 

[0026] Furthermore, since the above-mentioned reduction projection means forms electric field so that the orbit from which 
the above-mentioned electric charge beam differs in the direction of X and the direction of Y by control of the 
above-mentioned control means may be passed, it carries out image formation of the above-mentioned electric charge beam 
on the above-mentioned substrate, without forming a crossover with high current density. Thereby, though it is low 
acceleration voltage, electric charge beam drawing equipment with the very small influence of the space charge effect is 
offered. Therefore, since it is not necessary to take into consideration the influence of the proximity effect generated when 
using the electric charge beam of high acceleration voltage, the electric charge beam drawing equipment which was excellent 
in the aberration property with simple composition is offered. 

[0027] As for the above-mentioned reduction projection means, it is desirable to form the drift potential which accelerates the 
aforementioned electric charge beam which carried out incidence, and the slowdown electric field which slow down the 
accelerated aforementioned electric charge beam. 

[0028] Since chromatic aberration will occur if the distance of an electric charge beam and its optical axis becomes large, 
chromatic aberration can be further reduced by preparing the field to which a charged particle is moved at high speed within 
the above-mentioned reduction projection means. 

[0029] Furthermore, as for the above-mentioned reduction projection means, it is desirable to form the drift potential pulled 
up at the 2nd speed exceeding the 1st speed which is an impingement rate to the above-mentioned reduction projection means 
about the speed of the above-mentioned electric charge beam, the uniform electric field which maintain this 2nd speed, and 
the slowdown electric field reduced at the 3rd speed which is less than the 2nd speed of the above. 
[0030] If the field in which the above-mentioned reduction projection means forms the above-mentioned uniform electric 
field includes at least the field where the distance of the above-mentioned electric charge beam and its optical axis serves as 
the maximum, it is suitable. 

[003 1] Since chromatic aberration will occur as above-mentioned if the distance of an electric charge beam and its optical 
axis becomes large, chromatic aberration can be sharply reduced by moving a charged particle at high speed in this field. 
[0032] As for the above-mentioned reduction projection means, it is good to include N-fold (for N to be the natural number) 
multipole lens. 

[0033] Above N is the three or more natural numbers, and it is desirable for the above-mentioned multipole lens of the 1st 
pile to the 2nd pile to accelerate the above-mentioned electric charge beam, and for the above-mentioned multipole lens of the 
Nth pile to slow down the above-mentioned electric charge beam from eye a ** (N-l) pile. 

[0034] Above N is the four or more natural numbers, moreover, the above-mentioned multipole lens of the 1st pile to the 2nd 
pile The drift potential which pulls up the speed of the above-mentioned electric charge beam from the 1st speed of the above 
at the 2nd speed of the above is formed, the above-mentioned multipole lens of eye a ** (N-l) pile from the 2nd pile The 
electric field which carry out uniform movement of the above-mentioned electric charge beam at the 2nd speed of the above 
are formed, and, as for the above-mentioned multipole lens of the Nth pile, it is still more desirable from from [ a ** (N-I) 
pile ] to form the slowdown electric field which reduce the speed of the above-mentioned electric charge beam from the 2nd 
speed of the above to the 3rd speed of the above. 

[0035] The above-mentioned multipole lens is good in it being an electrostatic type. 

[0036] Moreover, it is the pattern drawing method using the electric charge beam drawing equipment which operates 
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orthopedically so that it may have a cross-section configuration according to the pattern of a request of the generated electric 
charge beam according to the 2nd mode of this invention, irradiates a substrate, and draws the pattern of the above-mentioned 
request to this substrate. The 1st procedure of generating the above-mentioned electric charge beam in the acceleration 
voltage which is less than the amount which the proximity effect which affects the light exposure of the drawing pattern with 
which the secondary electron and reflection electron which are generated from the front face of the above-mentioned substrate 
which received irradiation of the above-mentioned electric charge beam approach generates, while controlling the 
above-mentioned electric charge beam to pass the orbit from which the above-mentioned electric charge beam operated 
orthopedically differs in the direction of X, and the direction of Y -- the direction of X, and the direction of Y -- abbreviation 
-- with the 2nd procedure which carries out reduction projection of the above-mentioned electric charge beam so that image 
formation may be carried out on the above-mentioned substrate with the same reduction percentage The ******** pattern 
drawing method is offered. 

[0037] while the above-mentioned electric charge beam passes an orbit which is different in the direction of X, and the 
direction of Y according to the above-mentioned pattern drawing method -- which direction of X and Y -- a simultaneously -- 
since it is reduced for the same scale factor, image formation is carried out on the above-mentioned substrate, without forming 
a crossover with high current density Even if this uses the electric charge beam generated in low acceleration voltage, the 
influence of the space charge effect can be avoided and beam dotage can be made small. For this reason, it is not necessary to 
take into consideration the influence of the proximity effect generated when using the electric charge beam of high 
acceleration voltage, and a pattern can be drawn to a substrate with high resolution, 

[0038] As for the 2nd procedure of the above, it is desirable to include the procedure which pulls up the traverse speed of the 
charged particle of the above-mentioned electric charge beam operated orthopedically, is made to carry out uniform 
movement more at high speed, reduces the speed of the account charged particle of Gokami, and is completed on the 
above-mentioned substrate. 

[0039] Thus, chromatic aberration can be further reduced by carrying out uniform movement of the charged particle in the 
electric charge beam operated orthopedically at high speed. 

[0040] As for the field which carries out uniform movement of the above-mentioned charged particle at the above-mentioned 
high speed, it is good to include at least the field where the distance from the above-mentioned electric charge beam to the 
optical axis serves as the maximum. 

[0041] Since chromatic aberration will occur if the distance of an electric charge beam and its optical axis becomes large, 
chromatic aberration can be sharply reduced by carrying out uniform movement of the charged particle in this field at high 
speed. 

[0042] Moreover, it is used for the electric charge beam drawing equipment which operates orthopedically so that it may have 
a cross-section configuration according to the pattern of a request of the generated electric charge beam according to the 3rd 
mode of this invention, irradiates a substrate, and draws the pattern of the above-mentioned request to this substrate. The 1st 
procedure of generating the above-mentioned electric charge beam in the acceleration voltage which is less than the amount 
which the proximity effect which affects the light exposure of the drawing pattern with which the secondary electron and 
reflection electron which are generated from the front face of the above-mentioned substrate which received irradiation of the 
above-mentioned electric charge beam approach generates, while controlling the beam orbit of the above-mentioned electric 
charge beam to pass the orbit from which the above-mentioned electric charge beam operated orthopedically differs in the 
direction of X, and the direction of Y -- the direction of X, and the direction of Y -- abbreviation -- with the 2nd procedure 
which carries out reduction projection of the above-mentioned electric charge beam so that image formation may be carried 
out on the above-mentioned substrate with the same reduction percentage The record medium which recorded the program 
which makes the above-mentioned electric charge beam drawing equipment perform the ******** pattern drawing method 
and in which computer read is possible is offered. 

[0043] According to the above-mentioned record medium, even if it uses the electric charge beam of low acceleration voltage, 
the method of avoiding the influence of the space charge effect and drawing a pattern to a substrate with high resolution is 
realizable with electric charge beam drawing equipment equipped with a general-purpose computer. 

[0044] As for the 2nd procedure of the above, it is desirable to include the procedure which pulls up the speed of the charged 
particle of the above-mentioned electric charge beam operated orthopedically, is made to carry out uniform movement more 
at high speed, reduces the speed of the account charged particle of Gokami, and carries out image formation on the 
above-mentioned substrate. 

[0045] In the 2nd procedure of the above, the field which carries out uniform movement of the above-mentioned charged 
particle at the above-mentioned high speed is still more suitable, if the above-mentioned electric charge beam includes at least 
the field most isolated from the optical axis. 
[0046] 

[Embodiments of the Invention] Hereafter, it explains, referring to a drawing about one gestalt of operation of this invention. 
[0047] Drawing 1 is the block diagram showing the outline composition of one gestalt of operation of the electric charge 
beam drawing equipment concerning this invention, and drawing 2 is the block diagram showing the outline composition of 
the electron optics system with which the electron beam exposure system shown in drawing 1 is equipped. 
[0048] The electron beam exposure system 1 shown in drawing 1 is equipped with the electron beam lens-barrel 2 and the 
control section 3, using an electron beam 8 as an electric charge beam. The electron beam lens-barrel 2 contains X-Y stage 5 
which lays the wafer (substrate) 29 which is a candidate for drawing in the upper surface, and the electron optics system 4 
which irradiates an electron beam 8 at a wafer 29. The feature of this operation gestalt is that it arranged four-fold quadrupole 
lens 23 (Q1-Q4) in the field from aperture 22 to a wafer 29 in the electron optics system 4 so that it may mention later, the 
electron optics system 90 which shows the composition of others of an electron optics system 4 to drawing 6 , and 
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abbreviation -- it is the same 

[0049] A control section 3 contains a control computer 6, memory 45, and the various control circuit sections 3 1-59. The 
drawing pattern information by which format conversion was carried out from the design data based on CAD etc. is stored, 
and also the recipe file read in the record medium which stored the program which performs the pattern drawing method 
concerning this invention mentioned later is stored in memory 45. A control computer 6 reads these drawing pattern 
information and recipe files in memory 45, and controls each component of equipment. 

[0050] The electron gun control circuit section 3 1, the lighting lens control circuit sections 33a and 33b, the 1st molding 
deviation control circuit section 37, the cell aperture mechanical component 39, the 2nd molding deviation control circuit 
section 41, the quadrupole lens control circuit sections 43a-43d, the deviation control circuit sections 55a and 55b, the 
detecting-signal processing circuit section 57, and the stage control circuit section 59 are contained in the control circuit 
section. 

[0051] The electron gun control circuit section 31 controls an electron gun 1 1 so that an electron beam 8 is irradiated by the 
acceleration voltage which is the grade which the influence of the proximity effect does not generate based on the command 
signal supplied from a control computer 6. The lighting lens control circuit sections 33a and 33b adjust a voltage value so that 
the beam diameter of a request of an electron beam 8 and the aperture angle of a projection optical system may be acquired, 
and they impress negative voltage to the electrode of the center of electrostatic lenses 1 5a and 15b, respectively. It reaches 1 st 
molding deviation control circuit section 37, and the 2nd molding deviation control circuit section 41 reaches 1st molding 
deflec ting system 17, r espectively, and controls the 2nd molding deflecting system 7 1 Based on the command signal of a 
control computer 6, the cell aperture mechanical co mponent 39 chooses the package exposure cell aperture according to the 
dra wing pattern whiclfextracts and has a hole, and it moves the 2nd shaping aperture 19 horizontally so that this may be 
focated near an optical axis. The quadrupole lens control circuit sections 43a-43d control the quadrupole lens 23 (respectively 
Q1-Q4) by the characteristic method in this invention mentioned later. The deviation control circuit section 55 supplies a 
control signal to deflecting system 25 so that an electron beam 8 may be in a desired stripe and it may be scanned within a 
desired subfield based on the command signal of a control computer 6. The detecting-signal processing circuit section 57 
outputs the picture signal which carries out signal processing of the detection result, and makes a SEM picture while 
controlling the electronic detector 27. A control computer 6 acquires a SEM picture based on this picture signal, judges the 
existence of the proximity effect, and feeds it back to the electron gun control circuit section 3 1 by making the result into a 
command signal. The stage control circuit section 59 supplies a control signal to X-Y stage 5 so that a wafer 29 may move 
according to a recipe file based on the command signal which a control computer 6 supplies. 

[0052] Next, operation of the electron beam exposure system 1 shown in drawing 1 is explained as one gestalt of operation of 
the pattern drawing method concerning this invention. 

[0053] Incidence of the electron beam 8 which carried out outgoing radiation by predetermined acceleration voltage from the 
electron gun I is first carried out to the 1st shaping aperture 13. In this operation gestalt, predetermined acceleration voltage is 
5kv. Since the 1st shaping aperture 1 3 has a rectangle or circular opening, an electron beam 8 passes the 1st shaping aperture 
13 in a rectangle or a circular cross-section configuration according to the configuration of this opening. The electron beam 8 
which passed the 1st shaping aperture 13 goes to the 2nd shaping aperture 19 by which two or more package exposure ce ll 
aperture was arranged. The beam diameter is beforehand expanded with the lighting lens 15 so that an electron beam 8 may 
serve as a size which does not interfere in the cell pattern which is large enough to the cell aperture of arbitrary pieces, and 
adjoins. The lighting lens 15 consists of two electrostatic lenses (AIMTSUERU lens) 15a and 15b, and an expansion function 
acts by impressing negative voltage to a central electrode, respectively. Deviation control of the beam orbit is carried out so 
that the electron beam 8 which passed 2nd electrostatic-lens 15b can be irradiated on target cell aperture to the 2nd shapi ng 
aperture 19 bv which two or more cell aperture was arranged with the 1st fabr ication deflecting system 17. The 2nd 
fabrication deflecting system 21 is ****** on an optical axis about the cell aperture image which passed the 2nd shaping 
aperture 19, The 1st fabrication deflecting system 17 and the electron beam 8 which reached 2nd shaping-aperture 19 and 
passed the 2nd fabrication deflecting system 2 1 are started as a cell pattern beam 9 on the basis of the 2nd shaping apertur e 
19, and aperture 22 is passed in the state where it was returned on the optical axis . Next in this operation gestalt, incidence of 
the electron beams 8 and 9 is carried out into the characteristic electrostatic multiplex quadrupole lens 23. In this operation 
gestalt, the quadrupole lens 23 consists of quadrupole lenses which have the composition electrode of the four shape of a 
pillar arranged in the N-fold electrostatic-type multipole lens which constitutes a reduction projection means so that the angle 
of 90 degrees may be made nothing and mutually. 

[0054] The orbit which an electron beam 8 passes within four- fold quadru pole lens 71 fOI-04^ is shown in drawing 3 . the 
cell pattern beams 9X and 9Y shown by the cell aperture images 8X and 8Y in which an electron beam 8 is shown as a solid 
line, and the dotted line as shown in this drawing -- an operation of a quadrupole lens -- X and Y - which direction -- also 
setting -- abbreviation, although reduced with the same reduction percentage (it sets in this operation gestalt and is 1/5 or less) 
It passes along an orbit which is different in the direction of X, and the direction of Y, and image formation is converged and 
carried out on a wafer 29, without fo rming a rro^nvpr with Hah Hertmn Hpnsirv. 

[0055] The product molecule distribution of the chromatic aberration generated within the q uadrupole lens 23 at this time is 
shown in drawing 4 . it is shown in this drawing -- as -- the chromatic-aberration integration of the direction of X - a 
henchman -- cloth -- the quadrupole lens Q3 of the 3rd pile -- the most - generating - the chromatic-aberration integration of 
the direction of Y -- a henchman the most will generate cloth with the quadrupole lens Q2 of the 2nd pile 
[0056] One of the features of the pattern drawing method of this operation gestalt is in the point of reducing chromatic 
aberration, by forming a drift potential, high-speed (uniform velocity) electric field, and slowdown electric field using 
four-fold (N= 4) quadrupole lenses Q I -Q4. That is, the electron which forms a drift potential between the quadrupole lens Ql 
and Q2 with the quadrupole lens Ql of the 1st pile and the quadrupole lens Q2 of the 2nd pile, and constitutes electron beams 



5 of 6 



12/31/02 11:17 AM 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 

8 and 9 first is accelerated, and let the speed be the 2nd speed exceeding the impingement rate (the 1st speed) to the 
quadrupole lens Ql. Next, with the quadrupole lens Q2 of the 2nd pile, and the quadrupole lens Q3 of the 3rd pile, uniform 
electric field are formed between the quadrupole lens Q2 and Q3, and an electron is passed at the 2nd speed only between the 
quadrupole lens Q2 and Q3. Furthermore, slowdown electric field are formed with the quadrupole lens Q3 of the 3rd pile, and 
the quadrupole lens Q4 of the 4th pile, and incidence is carried out to the wafer 14 carried on the X-Y stage which is not 
slowed down and illustrated at the 3rd speed which is less than the 2nd speed. Thus, chromatic aberration can be reduced by 
carrying out uniform movement of the electron in the field where chromatic aberration is big at high speed. 
[0057] The irradia tion position of the electr on beams 8 and 9 in the upper surface of a wafer 14 is controlled by deflecting 
syst em 2*5a ana p. That is, mam deflecting system 25a carries out deviation control of the drawing position in a stripe to a 
wafer 14, referring to the position of the X-Y stage which is not illustrated, and subdeflecting system 25b carries out deviation 
control of the drawing position in a subfield. As shown in drawing 1 and drawing 2 , the aberration component generated 
according to a deviation can be made into the minimum by installing deflecting system 25 multiplex between the quadrupole 
lens Q2 - Q3 and between Q3 - Q4. In addition, if for example, deflecting system 25c is further installed between the 
quadrupole lens Q4 - a wafer 29, an aberration component can be made small more. 

[0058] The electronic detector 27 which detects the secondary electron generated in it when electron beams 8 and 9 are 
irradiated on a wafer by the lower part of the quadrupole lens Q4 is arranged, and supplies the detected electronic signal to the 
detecting-signal processing circuit section 57. The detecting-signal processing circuit section 57 outputs the picture signal 
which processes the supplied electronic signal and makes a SEM picture to a control computer 6. A control computer 6 
adjusts and controls acceleration voltage of an electron beam 8 etc. by acquiring a SEM picture based on this picture signal. 
[0059] A series of procedures of the pattern drawing method mentioned above may be made to read into the control computer 
6 which contains to record media, such as a floppy disk and CD-ROM, as a program which a computer is made to execute, for 
example, is shown in drawing 1 , and may be performed. The pattern drawing method which starts this invention by this using 
electric charge beam drawing equipment equipped with a general purpose computer is realizable. 
[0060] A record medium may not be limited to the portable thing of a magnetic disk, an optical disk, etc., but the record 
medium of cover halfs, such as a hard disk drive unit and memory, is sufficient as it. Moreover, you may distribute the 
program incorporating a series of procedures of the pattern drawing method mentioned above through communication lines 
(radio is included), such as the Internet. Furthermore, the program incorporating a series of procedures of the pattern drawing 
method mentioned above may be enciphered, a modulation may be applied, or you may contain and distribute to a record 
medium through wire circuits and radio circuits, such as the Internet, in the state where it compressed. 
[0061] 

[Effect of the Invention] this invention does the following effects so as explained in full detail above. 

[0062] Namely, according to the electric charge beam drawing equipment concerning this invention, an electron optics system 
is constituted only from the deflection means and the reduction projection means which deflect and reduce an electric charge 
beam by electric field, moreover - since image formation of the electron beam is carried out on a substrate via an orbit which 
is different in the direction of X, and the direction of Y using a reduction projection means to form unsymmetrical electric 
field, in an optical axis -- the stigma of high reduction percentage in tech image formation conditions, the influence of the 
space charge effect can be sharply reduced with the electric charge beam of low acceleration For this reason, when there is no 
damage in a wafer side, since control of a complicated proximity effect correction is unnecessary, it is small with simple 
composition, and electric charge beam drawing equipment excellent in the aberration property is offered. 
[0063] Moreover, since the influence of the space charge effect can collect contribution of chromatic aberration to a small 
field by the above-mentioned reduction projection means, when carrying out uniform movement of the electron in this field at 
high speed, the influence of chromatic aberration can be reduced sharply. 



[Translation done.] 
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